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ABSTRACT
Background: Infertility is an important public health problem with few known modifiable risk factors. Dietary factors

including folic acid have been associated with improved fertility, but the association between iron and fertility is

understudied. One study among US nurses found a 40% lower risk of ovulatory infertility with higher intake of nonheme

iron and iron supplements.

Objectives: The aim of this study was to determine the extent to which iron intake from diet and supplements reported

on structured questionnaires is associated with fecundability.

Methods: We conducted parallel analyses that used data from 2 prospective cohort studies of pregnancy planners from

Denmark (Snart Foraeldre; n = 1693) and North America (PRESTO; n = 2969) during 2013–2018. Follow-up comprised

menstrual cycles at risk until pregnancy or censoring for fertility treatment, stopped trying to conceive, withdrawal, loss

to follow-up, or 12 cycles of attempt. We used proportional probabilities regression models to estimate fecundability

ratios (FRs) and 95% CIs, adjusting for confounders.

Results: We found little association between dietary heme iron intake and fecundability in either cohort. The FR for

nonheme iron intake (≥11 mg/d compared with <9 mg/day) was 1.11 for Snart Foraeldre participants (95% CI: 0.92,

1.34) and 1.01 for PRESTO participants (95% CI: 0.89, 1.14). The FR for iron-containing supplements was 1.01 in Snart

Foraeldre (95% CI: 0.90, 1.13) and 1.19 in PRESTO (95% CI: 1.03, 1.38). In PRESTO, but not Snart Foraeldre, stronger

positive associations were found for nonheme iron intake and iron supplement use among women with heavy menses

or short menstrual cycles.

Conclusions: Overall, dietary intake of iron was not consistently associated with fecundability, although there was

some evidence for a positive association among women with risk factors for iron deficiency. We also found a small

positive association between supplemental iron intake and fecundability among North American, but not Danish,

pregnancy planners. J Nutr 2019;149:1585–1595.
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Introduction

Infertility, defined as trying to conceive for ≥12 mo, is a common
public health problem with few confirmed risk factors. Approx-
imately 10–15% of couples experience infertility and, of these,
25% experience ovulatory infertility (1). Fertility treatment
often results in psychological stress and a large economic burden
for couples (1, 2), underscoring the importance of identifying
modifiable risk factors associated with infertility.

Iron, a micronutrient for which the major sources include
meat, seafood, fortified cereals, legumes, and spinach, is
an important component of hemoglobin, cytochromes, and

myoglobin (3). Absorption of iron in its 2 forms, heme (derived
primarily from animal sources) and nonheme (derived primarily
from vegetable sources), is regulated in the gastrointestinal tract.
Many multivitamin-mineral supplements, including prenatal
“vitamins,” are an important source of nonheme iron, although
some supplements also contain heme iron. In the United
States and Canada, but not in Denmark, many foods such as
cereals and flour are fortified with nonheme iron. Extremes of
serum iron concentration are associated with disrupted glucose
and androgen metabolism (3–6) and impaired immunologic
function (7, 8). These biologically important systems can affect
fertility.
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A prospective cohort study of US nurses reported a
lower risk of ovulatory infertility among women who used
iron supplements (RR = 0.60; 95% CI: 0.39, 0.92) (9)
compared with nonusers. The same study (9) also found inverse
associations of nonheme and total iron consumption with
infertility. In the present report, we examine the associations of
iron intake from foods and use of iron-containing supplements
with fecundability in 2 prospective cohort studies of pregnancy
planners.

Methods
Study populations
The Snart Foraeldre (“Soon Parents”) study is an internet-based
prospective cohort study of female pregnancy planners and their
male partners in Denmark. Snart Foraeldre was designed as an
expansion of the Snart Gravid (“Soon Pregnant”) study, described
elsewhere (10, 11). Recruitment for Snart Foraeldre began in 2011,
with placement of advertisements on Danish health-related websites and
social media. Enrollment and primary data collection were conducted
via a self-administered questionnaire. Beginning in January 2013, female
participants were invited to complete a comprehensive FFQ designed for
and validated in the Snart Foraeldre cohort (12).

Women eligible for the Snart Foraeldre study are aged 18–45 y,
residents of Denmark, planning a pregnancy, in a stable relationship
with a male partner, and not receiving fertility treatment. From 3986
potentially eligible women, we excluded 72 whose last menstrual period
(LMP) was >6 mo before study entry and 30 who had missing or
implausible LMP information. We further limited our analyses to
women who had been trying to conceive for ≤6 cycles at study entry. Of
these 3094 women, 1740 completed the FFQ after it was introduced into
the study data collection, with an 83% completion rate among women
who were presented with this questionnaire. Based on responses to
the FFQ, we further excluded 24 women with implausible total energy
intake (<600 or >3800 kcal/d) and 23 who had >12 missing food items
on the questionnaire, for a final analytic sample of 1693 women.

Pregnancy Study Online (PRESTO) (13) is an internet-based
preconception cohort study conducted in the United States and Canada.
It is modeled on Snart Foraeldre. Recruitment began in 2013 and eligible
women are aged 21–45 y, planning a pregnancy, not receiving fertility
treatment, and in a stable relationship with a male partner. As in Snart
Foraeldre, PRESTO participants are invited to complete a baseline
questionnaire. Ten days after enrollment, they are asked to complete
the National Cancer Institute’s Diet History Questionnaire II (DHQII)
(14), an internet-based FFQ. For the current analysis there were 5734
eligible women who completed the baseline questionnaire. We excluded
72 women whose baseline LMP was >6 mo before study entry and
14 women with missing or implausible LMP data. Of the 4595 women
who had been trying to conceive for ≤6 cycles at study entry, 3027
(68%) completed the FFQ. Based on responses to the FFQ, we further
excluded 58 women with implausible total energy intake (<600 or
>3800 kcal/d), for a final analytic sample of 2969 women.
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Development (NICHD) (R21-HD050264, R01-HD060680, and R01-HD086742)
and the Danish Medical Research Council (271-07-0338). PRESTO is supported
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We excluded women who had been trying to conceive for >6 cycles
at study entry from our analyses due to concerns that women may
change some behaviors (especially those frequently associated with
lower fertility such as smoking, caffeine intake, and vigorous physical
activity) with increasing attempt time. As expected, there were some
differences in baseline characteristics between women trying to conceive
for ≤6 mo compared with >6 mo at study entry. Most women in both
cohorts (68%) had been trying to conceive for <3 cycles at study entry
(median number of cycles trying at entry = 1.00 in Snart Foraeldre
and PRESTO). The per-cycle probability of conception shows similar
patterns across the 2 cohorts (15), with declining fecundability over time
as the more fertile couples are removed from the population.

Baseline questionnaires for Snart Foraeldre and PRESTO include
information on demographics, reproductive and medical history, and
lifestyle and behavioral factors, including use of dietary supplements.
To determine pregnancy status, self-administered online follow-up
questionnaires are completed every 8 wk for 12 mo or until a reported
conception.

This study was conducted in accordance with the guidelines laid
down in the Declaration of Helsinki, and all procedures involving
human subjects were approved by the Boston Medical Center
Institutional Review Board and the Danish Data Protection Agency.
Informed consent was obtained online from all subjects.

Assessment of iron intake
We estimated total, heme, and nonheme dietary iron intake based on the
nutrient composition of all food items in the 2 FFQs. Total dietary iron
intake, calculated from responses to the Danish FFQ and the DHQII,
was validated against a 4-d food record in Denmark and repeated
24-h dietary recalls in the United States (deattenuated Pearson
correlation coefficients 0.58 and 0.59, respectively) (12, 14). Before data
analysis, we adjusted nutrient intakes for energy intake with the use of
the nutrient residual method (16).

We asked participants in both cohorts if they took multivitamin
supplements or other single-nutrient supplements, including vitamin
C or iron. In Snart Foraeldre, participants reported the brand of
multivitamin they took, which we were able to classify as iron-
containing or not. In PRESTO, participants reported their use of
“multivitamins or prenatal vitamins” as a single-line item. The
questionnaire did not specify the brand of multivitamin, but did elicit
data on whether the vitamin supplement contained minerals; thus,
we assumed that all “multivitamins or prenatal vitamins containing
minerals” contained iron.

Assessment of Time to Pregnancy
We estimated time to pregnancy (TTP) through the use of data from the
baseline and follow-up questionnaires. Women who reported regular
menstrual cycles (defined as “being able to predict from one menstrual
period to the next about when the next menstrual period would start”)
were asked to report their usual menstrual cycle length. For women
with irregular cycles, we estimated cycle length based on date of LMP
reported at baseline and on prospectively reported LMP dates during
follow-up. We estimated TTP, rounded to the nearest whole cycle, with
the use of the following formula: [(cycles of pregnancy attempt at
study entry/cycle length) + [(LMP date from most recent follow-up
questionnaire – date of baseline questionnaire)/cycle length] + 1] (17).

Assessment of covariates
On the baseline questionnaire, women reported their age, education,
height, weight, physical activity, smoking, alcohol consumption, use of
oral contraceptives as last method of birth control, doing something
to improve chances of conception (e.g., timing intercourse during
the fertile window), parity, use of vitamin C supplements, and use
of multivitamins. Dietary vitamin C intake and energy intake were
computed from the respective FFQs. We calculated BMI as weight (kg)
divided by height squared (m2). In Snart Foraeldre, total metabolic
equivalents (METs) per week were calculated through the use of the
International Physical Activity Questionnaire short-form by summing
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the MET-hours from walking, moderate physical activity, and vigorous
physical activity (h/wk × 3.3 METs, 4 METs, and 8 METs, respectively)
(18). In PRESTO, total MET-hours per week were calculated by
multiplying the average number of hours per week spent participating
in various activities by metabolic equivalents estimated from the
Compendium of Physical Activities (19).

The confounders considered for adjustment in each cohort were
identical except for race/ethnicity (ascertained in PRESTO only)
and education, which was categorized differently in the 2 studies.
In Snart Foraeldre, education was reported as years of vocational
training (none, semiskilled/basic training, <3 y, 3–4 y, and >4 y). In
PRESTO, education was reported as overall years of schooling and was
categorized as less than a college/university degree, graduation from a
4-y college/university, and any graduate schooling.

Data analysis
We performed identical parallel analyses across the 2 cohorts with the
use of the methods described below. For ease of comparison, the same
categories for dietary intake of total, heme, and nonheme iron were
used in each cohort analysis, based on the underlying distribution of
iron intake in both cohorts combined. The categories for total iron
intake were <10, 10–11.9, and ≥12 mg/d. Daily heme iron intake was
categorized as <0.5, 0.5–0.9, and ≥1 mg/d, and daily nonheme iron
intake was categorized as <9, 9–10.9, and ≥11 mg/d. In addition, we
examined the shape and magnitude of the associations of fecundability
with heme and nonheme iron as continuous variables by fitting
restricted cubic splines (20). Restricted cubic splines fit a curvilinear
relation between a continuous independent variable (iron intake) and
a dependent variable (fecundability). The range of the independent
variable is split into subintervals defined by “knots” or boundary points
at which the separate curves for each subinterval meet to produce an
overall smooth curve that is locally well adapted to the data.

We assessed fecundability in relation to iron-containing dietary
supplement use as follows. First, we examined any use of an
iron-containing supplement (multivitamin or iron-only supplement)
compared with nonuse. We then divided supplement users into
multivitamin users and iron-only supplement users.

Women contributed menstrual cycles at risk to the analysis from
study entry until a reported pregnancy or a censoring event, whichever
came first. Censoring events included initiation of fertility treatment,
no longer trying to conceive, withdrawal, loss to follow-up, or
12 menstrual cycles of pregnancy attempt. To account for variation
in attempt time at study entry (range: 0–6 cycles) and to minimize
bias due to left truncation, we only analyzed observed cycles at risk.
We used proportional probabilities regression models (21, 22) to
estimate fecundability ratios (FRs), i.e., the cycle-specific probability
of conception comparing exposed with unexposed women, with
95% CIs.

Potential confounders were selected based on a literature review
and assessment of a causal graph. We included potential risk factors
for subfertility that were associated with dietary iron intake or iron
metabolism. Final models were adjusted for age (<25, 25–29, 30–34,
and ≥35 y), education (≤12, 13–15, 16, and >16 years), race/ethnicity
in PRESTO (white non-Hispanic compared with Hispanic or nonwhite),
BMI (<25, 25–29, 30–34, and ≥35), physical activity (<10, 10–19,
20–39, and ≥40 MET-h/wk), alcohol consumption (0, 1–6, 7–13, and
≥14 drinks/wk), use of oral contraceptives as last method of
contraception, doing something to improve chances of conception,
parity (parous compared with nulliparous), cycle length and regularity
(irregular cycles, regular cycles of <26 d, regular cycles of 26–30 d,
and regular cycles of >30 d), use of individual iron and vitamin C
supplements, daily multivitamin use, dietary vitamin C (continuous),
and energy intake (continuous). We also mutually adjusted heme
and nonheme iron intake. Because of their potential effects on iron
absorption, we also examined consumption of caffeine (23), tea (24),
dietary fiber (25, 26), and dietary calcium (27) as potential confounders.
These did not substantially change the observed estimates and we did
not include them in the regression models. We also controlled for total
fruit and vegetable intake, with little effect on the estimates.

In secondary analyses, we evaluated the extent to which relations
between iron intake and TTP varied by age (<30 y compared with
≥30 y), BMI (<25 compared with ≥25), attempt time at study entry
(<3 cycles compared with 3–6 cycles), or parity (nulliparous compared
with parous). We also conducted stratified analyses among women with
and without heavy menstrual blood loss [defined as heavy/moderately
heavy bleeding or short menstrual cycles (<25 d)]. Finally, we analyzed
dietary iron and fecundability separately among users and nonusers of
iron supplements.

We used multiple imputation to impute missing covariate and
outcome data (28). Covariate missingness in Snart Foraeldre ranged
from 0% (age, dietary vitamin C intake, and energy intake) to 2.7%
for menstrual cycle regularity. In PRESTO, covariate missingness ranged
from 0% [age, education, dietary vitamin C intake, supplement use
(vitamin C, iron, and multivitamins) and energy intake] to 0.8% for last
method of contraception. Outcome information was imputed for the
5.8% of participants from Snart Foraeldre and the 2.1% of participants
from PRESTO who did not complete any follow-up questionnaires, due
to concerns about potential selection bias from excluding this group.
These women were assigned the minimum amount of follow-up time
(1 cycle) and pregnancy status (yes, no) was multiply imputed for that
cycle. Removal of these women from the analysis had little effect on
the estimates. We used PROC MI to create 5 imputed datasets with
>100 variables in the imputation models. We combined coefficients
and standard errors across the imputed datasets with the use of PROC
MIANALYZE. All analyses were performed with SAS version 9.4
statistical software (SAS Institute).

Results

In the Snart Foraeldre study, mean ± SD energy-adjusted iron
intake from dietary sources was 10.4 ± 1.4 mg/d for total iron,
9.7 ± 1.3 mg/d for nonheme iron, and 0.7 ± 0.3 mg/d for
heme iron. In the PRESTO study, mean energy-adjusted iron
intake was 12.1 ± 3.0 mg/d for total iron, 11.5 ± 3.1 mg/d
for nonheme iron, and 0.6 ± 0.4 mg/d for heme iron.

In both cohorts, after adjustment for age, dietary heme iron
intake was positively associated with BMI, parity, and current
smoking, and inversely associated with education (Table 1).
Nonheme iron intake was positively associated with education
and physical activity, and inversely associated with BMI in the
2 cohorts.

In the Snart Foraeldre study, consuming the highest amount
of total dietary iron (≥12 mg/d) was not meaningfully
associated with fecundability, compared with consuming
<10 mg/d (FR: 0.98; 95% CI: 0.81, 1.20) (Table 2). Consuming
between 10 and 11.9 mg/d of total dietary iron also was
not materially associated with fecundability (FR: 1.11; 95%
CI: 0.98, 1.24). In the PRESTO study, FRs for 10–11.9 and
≥12 mg/d were 0.98 (95% CI: 0.87, 1.10) and 1.06 (95% CI:
0.94, 1.19), respectively, compared with <10 mg/d.

We found little association between heme iron intake and
fecundability in either cohort. Multivariable adjusted FRs
ranged from 0.99 to 1.03, and results from models that mutually
adjusted for heme and nonheme iron did not vary substantially
(Table 2). Figure 1A, B displays the associations between heme
iron and fecundability in the Snart Foraeldre and PRESTO
cohorts through the use of restricted cubic splines. The spline
curves showed slightly different patterns for the 2 cohorts, but
the curves remained close to the null, indicating little overall
association, consistent with findings from the categoric analyses.
For nonheme iron (Table 2), the categoric analyses indicated
slight increases in fecundability >9 mg/d in the Snart Foraeldre
cohort, but little association in the PRESTO cohort. However,
the spline curves for both cohorts were similar, showing slight
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TABLE 2 Association of dietary iron and fecundability among women planning a pregnancy in the Snart Foraeldre and PRESTO
cohorts1

Pregnancies,
n

Cycles at
risk, n

Age adjusted
FR (95% CI)

Multivariable2

FR (95% CI)
Mutually adjusted

multivariable3 FR (95% CI)

Snart Foraeldre, n = 1693
Total iron, mg/d

<10 419 2348 1.00 (Ref.) 1.00 (Ref.) —
10–11.9 606 3088 1.08 (0.97, 1.21) 1.10 (0.98, 1.24) —
≥12 114 730 0.92 (0.76, 1.11) 0.98 (0.81, 1.20) —

Heme iron, mg/d
<0.5 205 1125 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
0.5–0.9 737 4025 1.02 (0.89, 1.17) 0.99 (0.86, 1.14) 0.99 (0.86, 1.14)
≥1.0 197 1016 1.05 (0.88, 1.25) 1.01 (0.85, 1.22) 1.00 (0.83, 1.20)

Nonheme iron, mg/d
<9 319 1801 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
9–10.9 668 3495 1.07 (0.95, 1.21) 1.12 (0.99, 1.27) 1.12 (0.99, 1.27)
≥11 152 870 1.02 (0.85, 1.22) 1.11 (0.92, 1.34) 1.11 (0.92, 1.34)

PRESTO, n = 2969
Total iron, mg/d

<10 377 2832 1.00 (Ref.) 1.00 (Ref.) —
10–11.9 608 4310 1.06 (0.94, 1.19) 0.98 (0.87, 1.10) —
≥12 831 5258 1.16 (1.04, 1.30) 1.06 (0.94, 1.19) —

Heme iron, mg/d
<0.5 776 5262 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
0.5–0.9 837 5543 1.00 (0.91, 1.09) 1.03 (0.94, 1.12) 1.03 (0.94, 1.13)
≥1.0 203 1595 0.87 (0.76, 1.01) 1.01 (0.87, 1.17) 1.01 (0.87, 1.18)

Nonheme iron, mg/d
<9 293 2168 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
9–10.9 573 4116 1.03 (0.91, 1.18) 0.96 (0.84, 1.09) 0.96 (0.84, 1.09)
≥11 950 6116 1.14 (1.01, 1.29) 1.01 (0.89, 1.14) 1.01 (0.89, 1.15)

1FR, fecundability ratio.
2Adjusted for age, vocational training/education, BMI, physical activity, smoking, alcohol consumption, use of oral contraceptives, parity, cycle regularity and length, doing
something to improve chances of conception, use of iron and vitamin C supplements, multivitamin use, dietary vitamin C (continuous), and total energy (continuous). The
PRESTO models are also adjusted for race/ethnicity
3Also adjusted for dietary heme or nonheme iron intake, respectively.

increases in the fecundability curve with increasing intake of
nonheme iron (Figure 2A, B). Adjustment for fruit and vegetable
consumption did not change the estimates (data not shown).

In both cohorts, the relation between fecundability and total,
heme, or nonheme iron intake was similar across strata of
maternal age, BMI, and attempt time at study entry. Results
for dietary iron intake were also broadly consistent, although
imprecise, among women who used and did not use iron-
containing supplements (Supplemental Table 1).

Among parous women in both cohorts, nonheme iron intake
was associated with slightly increased fecundability (overall
FR for ≥11 mg/d compared with <9 mg/d: 1.32; 95% CI:
0.98, 1.79 in Snart Foraeldre, and 1.17; 95% CI: 0.91, 1.50
in PRESTO), but little association was observed among
nulliparous women (FR ≥11 mg/d compared with <9 mg/d:
0.97; 95% CI: 0.76, 1.23 in Snart Foraeldre, and FR: 0.97; 95%
CI: 1.84, 1.12 in PRESTO) (Table 3). In the PRESTO cohort,
but not Snart Foraeldre, nonheme iron intake was positively
associated with fecundability among women with heavy menses
or short cycles, or a combination of both (for nonheme
iron intake of 9–10.9 mg/d and ≥11 mg/d compared with
<9 mg/d, FRs were 1.31; 95% CI: 0.97, 1.78 and 1.54; 95% CI:
1.16, 2.04, respectively) compared with women without heavy
menses/short cycles (FR: 0.87; 95% CI: 0.75, 1.01 and FR: 0.89;
95% CI: 0.77, 1.02) (Table 4).

In the Snart Foraeldre cohort, baseline use of multivitamins
containing iron or iron-only supplements during the last

12 mo was 61%, compared with 89% in the PRESTO cohort.
Overall prevalence was driven chiefly by use of multivitamins
with minerals. Compared with nonusers of iron-containing
supplements, there was little association between use of
any iron-containing supplements and fecundability in Snart
Foraeldre (FR: 1.01; 95% CI: 0.90, 1.13), but slightly increased
fecundability in PRESTO (FR: 1.19; 95% CI: 1.03, 1.38).
Similar results were found for iron-only supplements (Snart
Foraeldre, FR: 1.05; 95% CI: 0.84, 1.32; PRESTO, FR: 1.20;
95% CI: 0.99, 1.44) (Table 5). We found stronger associations
in PRESTO, but not Snart Foraeldre, for multivitamin/mineral
use and iron-only supplement use among women with heavy
menses or short menstrual cycles, or a combination of both (FR:
1.57; 95% CI: 1.16, 2.12 and FR: 1.62; 95% CI: 1.10, 2.37
in PRESTO) than among women without heavy menses/short
cycles (FR: 1.09; 95% CI: 0.93, 1.29 and FR: 1.09; 95% CI:
0.88, 1.36 in PRESTO) (Tables 6 and 7). Results for iron-
only supplements stratified by maternal age, BMI, and cycles
of attempt time at study entry were broadly consistent across
strata in both cohorts (Supplemental Table 2).

Discussion

We found little association between intake of total dietary
iron or heme iron and fecundability. We found some evidence
for a positive association between dietary nonheme iron and
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FIGURE 1 Dietary heme iron intake and fecundability among women planning a pregnancy in the Snart Foraeldre (A) and PRESTO (B) studies,
fitted with the use of restricted cubic splines. The reference level is the lowest value in each cohort (0.01 for both). There are 3 knots located at the
10th, 50th, and 95th percentiles of the distribution. The line indicates the FR and the shaded area indicates the 95% CI. The spline is trimmed at
the 99th percentile. Splines are adjusted for age, vocational training/education, BMI, physical activity, smoking, alcohol consumption, use of oral
contraceptives, parity, cycle regularity and length, doing something to improve chances of conception, use of iron and vitamin C supplements,
multivitamin use, dietary vitamin C (continuous), and total energy (continuous). The PRESTO models are also adjusted for race/ethnicity. FR,
fecundability ratio.

iron supplement intake and fecundability, particularly among
women with a potential iron deficiency (as approximated by
heavy menstrual bleeding or short menstrual cycles) and among
parous women.

A previous investigation among US female nurses found
that iron supplements and dietary intake of nonheme iron
were associated with a 40% lower risk of ovulatory infertility
(OR: 0.60; 95% CI: 0.39, 0.92) for any iron supplement use

FIGURE 2 Dietary nonheme iron intake and fecundability among women planning a pregnancy in the Snart Foraeldre (A) and PRESTO (B)
studies, fitted with the use of restricted cubic splines. The reference level is the lowest value in each cohort (4.81 for Snart Foraeldre and 3.67
for PRESTO). There are 3 knots located at the 10th, 50th, and 95th percentiles of the distribution. The line indicates the FR and the shaded area
indicates the 95% CI. The spline is trimmed at the 99th percentile. Splines are adjusted for age, vocational training/education, BMI, physical
activity, smoking, alcohol consumption, use of oral contraceptives, parity, cycle regularity and length, doing something to improve chances of
conception, use of iron and vitamin C supplements, multivitamin use, dietary vitamin C (continuous), and total energy (continuous). The PRESTO
models are also adjusted for race/ethnicity. FR, fecundability ratio.
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TABLE 3 Association of dietary iron and fecundability among women planning a pregnancy in the Snart Foraeldre and PRESTO
cohorts, stratified by parity1

Parous Nulliparous

Pregnancies,
n

Cycles at
risk, n

Adjusted2

FR (95% CI)
Pregnancies,

n
Cycles at

risk, n
Adjusted2

FR (95% CI)

Snart Foraeldre, n = 1693
Total iron, mg/d

<10 185 751 1.00 (Ref.) 234 1597 1.00 (Ref.)
10–11.9 219 932 1.03 (0.86, 1.24) 387 2156 1.18 (1.01, 1.39)
≥12 43 187 1.07 (0.78, 1.46) 71 543 0.92 (0.71, 1.20)

Heme iron, mg/d
<0.5 77 333 1.00 (Ref.) 128 792 1.00 (Ref.)
0.5–0.9 290 1217 0.97 (0.77, 1.23) 447 2808 1.00 (0.83, 1.20)
≥1.0 80 320 0.83 (0.62, 1.12) 117 696 1.08 (0.85, 1.37)

Nonheme iron, mg/d
<9 136 590 1.00 (Ref.) 183 1211 1.00 (Ref.)
9–10.9 256 1063 1.18 (0.96, 1.43) 412 2432 1.11 (0.94, 1.32)
≥11 55 217 1.32 (0.98, 1.79) 97 653 0.97 (0.76, 1.23)

PRESTO, n = 2969
Total iron, mg/d

<10 105 695 1.00 (Ref.) 272 2137 1.00 (Ref.)
10–11.9 185 1065 1.00 (0.80, 1.26) 423 3245 0.96 (0.83, 1.11)
≥12 252 1273 1.07 (0.86, 1.33) 579 3985 1.03 (0.90, 1.19)

Heme iron, mg/d
<0.5 220 1219 1.00 (Ref.) 556 4043 1.00 (Ref.)
0.5–0.9 260 1386 0.98 (0.83, 1.15) 577 4157 1.05 (0.94, 1.17)
≥1.0 62 428 1.02 (0.77, 1.34) 141 1167 1.01 (0.84, 1.20)

Nonheme iron, mg/d
<9 73 542 1.00 (Ref.) 220 1626 1.00 (Ref.)
9–10.9 187 1020 1.21 (0.93, 1.58) 386 3096 0.86 (0.74, 1.01)
≥11 282 1471 1.17 (0.91, 1.50) 668 4645 0.97 (0.84, 1.12)

1FR, fecundability ratio.
2Adjusted for age, vocational training/education, BMI, physical activity, smoking, alcohol consumption, use of oral contraceptives, parity, cycle regularity and length, doing
something to improve chances of conception, use of iron and vitamin C supplements, multivitamin use, dietary vitamin C (continuous), and total energy (continuous). The
PRESTO models are also adjusted for race/ethnicity. Heme and non-heme iron models are mutually-adjusted for each other.

compared with nonuse, and an identical value of OR: 0.60
(95% CI: 0.39, 0.92) for quintile 5 compared with quintile
1 intake of nonheme iron (9), findings that are much stronger
than in our cohorts. The range of iron intake between our
investigation and the US study of nurses may differ considerably
and could contribute to the variation in observed results.
In addition, we examined all types of subfertility, not just
ovulatory subfertility. If we assume that iron only affects
1 type of subfecundity (ovulatory, for example), then our
outcome definition would have imperfect specificity. If this
difference is nondifferential with respect to exposure, the
result of imperfect specificity would be to bias the FR toward
the null. Similar to the US study of nurses, we found little
association between heme iron intake and fecundability in either
cohort (9, 29). We found stronger positive associations between
nonheme iron and fecundability among parous compared with
nulliparous women in both cohorts. Higher parity and short
interpregnancy intervals have been associated with poorer
iron status (30). A cross-sectional study of premenopausal
women from NHANES found that several biomarkers of iron
status (hemoglobin, ferritin, transferrin receptor, and percent
transferrin saturation) were lower in parous than in nulliparous
women (31). In addition to parity, heavy menstrual blood
loss is a potential risk factor for iron deficiency. Women with
heavy menstrual bleeding tend to lose about twice as much
iron during a menstrual cycle than those with average blood

loss (31, 32) and are at greater risk of iron-deficiency anemia
(33, 34).

We found improved fecundability with increasing nonheme
iron intake among women with heavy menses or short
menstrual cycles, or a combination of both, in PRESTO. We also
found increased fecundability among iron supplement users in
PRESTO, with even stronger results among women with heavy
menstrual blood loss.

Iron is absorbed in the gut and is involved in oxygen
transport, metabolism, growth, cellular function and support of
the immune system (35). Iron homeostasis is tightly regulated;
excesses or deficiencies can cause myriad problems. Women
with polycystic ovarian syndrome (PCOS) tend to have mild
iron overload (36). There is a bidirectional relation between iron
and glucose metabolism, and some PCOS patients experience
an elevated iron concentration and hyperinsulinemia (5, 37,
38). The metabolic dysregulation of glucose present in PCOS is
associated with hyperandrogenism, ovulatory dysfunction, and
difficulties conceiving (4). Although the complicated relation
between insulin resistance and iron overload is most evident
among women with PCOS, these relations also may exist to a
lesser degree among women without PCOS.

It is estimated that 5–16% of reproductive-age women in
industrialized countries are iron deficient (39). Inadequate iron
status, most commonly caused by malabsorption in the gut,
heavy menstrual bleeding (40), or a recent full-term pregnancy
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TABLE 4 Association of dietary iron and fecundability among women planning a pregnancy in the Snart Foraeldre and PRESTO
cohorts, stratified by heavy menses/short cycles1

Heavy menses or short cycles Not heavy menses or short cycles

Pregnancies,
n

Cycles at
risk, n

Adjusted2

FR (95% CI)
Pregnancies,

n
Cycles at

risk, n
Adjusted2

FR (95% CI)

Snart Foraeldre, n = 1693
Total iron, mg/d

<10 111 546 1.00 (Ref.) 312 1806 1.00 (Ref.)
10–11.9 170 806 1.10 (0.88, 1.37) 443 2289 1.11 (0.97, 1.28)
≥12 36 216 0.96 (0.65, 1.41) 79 515 0.99 (0.78, 1.27)

Heme iron, mg/d
<0.5 49 259 1.00 (Ref.) 160 870 1.00 (Ref.)
0.5–0.9 209 1015 0.99 (0.74, 1.33) 535 3017 0.98 (0.84, 1.16)
≥1.0 59 294 0.92 (0.64, 1.31) 139 723 1.05 (0.85, 1.31)

Nonheme iron, mg/d
<9 82 371 1.00 (Ref.) 241 1434 1.00 (Ref.)
9–10.9 192 922 1.03 (0.80, 1.33) 483 2580 1.15 (0.99, 1.34)
≥11 43 275 0.89 (0.58, 1.35) 110 596 1.20 (0.96, 1.51)

PRESTO, n = 2969
Total iron, mg/d

<10 77 853 1.00 (Ref.) 300 1979 1.00 (Ref.)
10–11.9 133 1109 1.24 (0.95, 1.63) 475 3201 0.94 (0.82, 1.07)
≥12 219 1396 1.57 (1.22, 2.03) 612 3862 0.96 (0.85, 1.10)

Heme iron, mg/d
<0.5 181 1387 1.00 (Ref.) 595 3875 1.00 (Ref.)
0.5–0.9 203 1457 0.97 (0.80, 1.18) 634 4086 1.03 (0.93, 1.14)
≥1.0 45 514 0.76 (0.55, 1.05) 158 1081 1.12 (0.95, 1.33)

Nonheme iron, mg/d
<9 58 670 1.00 (Ref.) 235 1498 1.00 (Ref.)
9–10.9 135 1114 1.31 (0.97, 1.78) 438 3002 0.87 (0.75, 1.01)
≥11 236 1574 1.54 (1.16, 2.04) 714 4542 0.89 (0.77, 1.02)

1FR, fecundability ratio.
2Adjusted for age, vocational training/education, BMI, physical activity, smoking, alcohol consumption, use of oral contraceptives, parity, cycle regularity and length, doing
something to improve chances of conception, use of iron and vitamin C supplements, multivitamin use, dietary vitamin C (continuous), and total energy (continuous). The
PRESTO models are also adjusted for race/ethnicity. Heme and non-heme iron models are mutually-adjusted for each other.

(41), may also play a role in fertility. For example, celiac disease,
a chronic allergic reaction to gluten that causes malabsorption
and inflammation of the gut, usually results in low iron status.
In women with celiac disease, adoption of a gluten-free diet has
been shown to restore fertility by improving nutrient absorption
and decreasing inflammation (42, 43).

Although an association between serum iron concentration
and improved fertility is biologically plausible, we observed only
a small and inconsistent increase in fecundability among women
who consumed supplementary iron. Serum iron concentration
is tightly controlled by normal body processes. Very low or
very high nutrient intakes are needed to produce a meaningful
change in serum iron. In addition, many systemic and dietary
factors, including intake of vitamin C, polyphenols, and cal-
cium, can modify the absorption, excretion, and bioavailability
of iron.

Although recruitment, questionnaires, and general study
procedures were nearly identical across the Snart Foraeldre and
PRESTO cohorts, the different study populations necessitated
separate assessments of dietary intake, which, along with
differing diets and food fortification practices, may partially
explain the differences in results across the 2 cohorts. The use
of 2 different FFQs precluded direct comparison of absolute
dietary iron intake between the studies. Although measurement

of iron intake was shown to be reasonably valid for both FFQs,
questionnaire responses always result in some misclassification,
and misclassification from 2 different instruments is unlikely
to be equal. Given the prospective study design, exposure
misclassification would be nondifferential and would produce
bias toward the null for the extreme categories of intake. There
is also potential for misclassification of iron supplementation
in the PRESTO study. The PRESTO questionnaire did not ask
about specific brands of multivitamin use, and we assumed that
all multivitamins or prenatal vitamins containing minerals also
contained iron. This assumption undoubtedly introduced some
misclassification, but the observed effects for use of any iron-
containing supplement were similar to the effects related to iron-
only supplement use. py

Heme iron is more readily absorbed than nonheme iron, and
it is therefore somewhat puzzling that we saw slightly increased
fecundability for nonheme, but not heme iron intake. Residual
confounding by dietary correlates of heme and nonheme iron
may partially explain these results. Heme iron is strongly
correlated with protein intake from animal sources, which
has been associated with lower fecundability (44). Nonheme
iron is derived primarily from vegetable sources. Results were
similar, however, after we controlled for average daily servings
of vegetables and fruits.
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TABLE 5 Supplementary iron intake and fecundability among women planning a pregnancy in the Snart Foraeldre and PRESTO
cohorts1

Pregnancies,
n

Cycles at
risk, n

Age-adjusted
FR (95% CI)

Multivariable model2

FR (95% CI)

Snart Foraeldre, n = 1693
Iron-containing supplements

Nonuser 453 2494 1.00 (Ref.) 1.00 (Ref.)
Any iron-containing supplement user 686 3672 1.06 (0.95, 1.18) 1.01 (0.90, 1.13)

Supplement type
Nonuser 453 2494 1.00 (Ref.) 1.00 (Ref.)
Multivitamin user 616 3346 1.05 (0.94, 1.17) 1.01 (0.90, 1.13)
Iron-only supplement user 70 326 1.15 (0.92, 1.44) 1.05 (0.84, 1.32)

PRESTO, n = 2969
Iron-containing supplements

Nonuser 185 1559 1.00 (Ref.) 1.00 (Ref.)
Any iron-containing supplement user 1631 10,841 1.25 (1.08, 1.43) 1.19 (1.03, 1.38)

Supplement type
Nonuser 185 1559 1.00 (Ref.) 1.00 (Ref.)
Multivitamin user 1436 9509 1.25 (1.08, 1.44) 1.19 (1.03, 1.38)
Iron-only supplement user 195 1332 1.23 (1.02, 1.48) 1.20 (0.99, 1.44)

1FR, fecundability ratio
2Adjusted for age, vocational training/education, BMI, physical activity, smoking, alcohol consumption, use of oral contraceptives, cycle regularity and length, doing something
to improve chances of conception, use of vitamin C supplements, and dietary vitamin C (continuous). The PRESTO models are also adjusted for race/ethnicity.

The use of TTP as an outcome is a more sensitive measure
of subfecundity than the dichotomous clinical measure of
infertility (trying to conceive for ≥12 mo without success)
(45). Although the studies enrolled volunteers, there is little
reason to believe that the physiology of participants would
differ from that of persons who did not participate. In an
earlier analysis that compared estimates of established perinatal
associations (e.g., maternal smoking and low birth weight)

between our Danish internet-based preconception cohort with
the total population available in the Danish Birth Registry, we
obtained similar results from both data sources. These results
for known associations support the thesis that the data from the
volunteers in our cohorts have reasonable internal and external
validity (46).

In summary, we found little evidence that heme iron
intake was associated with fecundability. Results for nonheme

TABLE 6 Supplementary iron intake and fecundability among women planning a pregnancy in the Snart Foraeldre and PRESTO
cohorts, stratified by parity1

Parous Nulliparous

Pregnancies,
n

Cycles at
risk, n

Adjusted2

FR (95% CI)
Pregnancies,

n
Cycles at

risk, n
Adjusted2

FR (95% CI)

Snart Foraeldre, n = 1693
Nonuser 168 686 1.00 (Ref.) 285 1808 1.00 (Ref.)
Any iron-containing supplement user 279 1184 1.02 (0.86, 1.21) 407 2488 1.02 (0.88, 1.17)

Supplement type
Nonuser 168 686 1.00 (Ref.) 285 1808 1.00 (Ref.)
Multivitamin user 249 1070 1.02 (0.86, 1.22) 367 2276 1.01 (0.87, 1.16)
Iron-only supplement user 30 114 0.99 (0.69, 1.40) 40 212 1.12 (0.83, 1.52)

PRESTO, n = 2969
Iron-containing supplements

Nonuser 61 439 1.00 (Ref.) 124 1120 1.00 (Ref.)
Any iron-containing supplement user 481 2594 1.20 (0.94, 1.55) 1150 8247 1.18 (0.99, 1.40)

Supplement type
Nonuser 61 439 1.00 (Ref.) 124 1120 1.00 (Ref.)
Multivitamin user 420 2207 1.22 (0.95, 1.57) 1016 7302 1.17 (0.98, 1.39)
Iron-only supplement user 61 387 1.11 (0.80, 1.55) 134 945 1.24 (0.99, 1.56)
Single-iron supplement user 141 875 1.21 (0.98, 1.50) 54 457 1.21 (0.82, 1.79)

1FR, fecundability ratio.
2Adjusted for age, vocational training/education, BMI, physical activity, smoking, alcohol consumption, use of oral contraceptives, parity, cycle regularity and length, doing
something to improve chances of conception, use of iron and vitamin C supplements, multivitamin use, dietary vitamin C (continuous), and total energy (continuous). The
PRESTO models are also adjusted for race/ethnicity. Heme and nonheme iron models are mutually adjusted for each other.
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TABLE 7 Supplementary iron intake and fecundability among women planning a pregnancy in the Snart Foraeldre and PRESTO
cohorts, stratified by heavy menses/short cycles1

Heavy menses or short cycles Not heavy menses or short cycles

Pregnancies,
n

Cycles at
risk, n

Adjusted2

FR (95% CI)
Pregnancies,

n
Cycles at

risk, n
Adjusted2

FR (95% CI)

Snart Foraeldre, n = 1693
Nonuser 113 551 1.00 (Ref.) 344 1947 1.00 (Ref.)
Any iron-containing supplement user 204 1017 1.09 (0.87, 1.36) 490 2663 1.01 (0.89, 1.15)

Supplement type
Nonuser 113 551 1.00 (Ref.) 344 1947 1.00 (Ref.)
Multivitamin user 182 930 1.10 (0.88, 1.39) 441 2423 1.01 (0.89, 1.14)
Iron-only supplement user 22 87 1.01 (0.67, 1.52) 49 240 1.06 (0.80, 1.40)

PRESTO, n = 2969
Iron-containing supplements

Nonuser 46 512 1.00 (Ref.) 139 1047 1.00 (Ref.)
Any iron-containing supplement user 383 2846 1.58 (1.17, 2.13) 1248 7995 1.09 (0.93, 1.29)

Supplement type
Nonuser 46 512 1.00 (Ref.) 139 1047 1.00 (Ref.)
Multivitamin user 328 2416 1.57 (1.16, 2.12) 1108 7093 1.09 (0.93, 1.29)
Iron-only supplement user 55 430 1.62 (1.10, 2.37) 140 902 1.09 (0.88, 1.36)

1FR, fecundability ratio.
2Adjusted for age, vocational training/education, BMI, physical activity, smoking, alcohol consumption, use of oral contraceptives, parity, cycle regularity and length, doing
something to improve chances of conception, use of iron and vitamin C supplements, multivitamin use, dietary vitamin C (continuous), and total energy (continuous). The
PRESTO models are also adjusted for race/ethnicity. Heme and nonheme iron models are mutually adjusted for each other.

iron intake and supplement use were inconsistent, with some
indication of beneficial effects on fecundability among women
with possible iron deficiency.
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